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Description 

[0001] The present invention relates to a method and 
apparatus for detecting a security thread, for example 
for identifying a document from a security code carried 5 
by the thread. 

[0002] It is well known that secure documents such 
as banknotes are provided with a security thread. This 
may be a simple metallic thread or comprise segments 
of magnetic material and segments of non-magnetic w 
material. 

[0003] It is possible to arrange the segments of mag- 
netic and non-magnetic material such that they repre- 
sent a code. Typically, the segments are arranged into 
fixed length elements so that they represent a binary *5 
word and this word may be repeated several times along 
the thread. For example, the fixed length elements may 
have a length of 2mm, the presence of magnetic mate- 
rial indicating a binary 1 and the absence indicating a 
binary 0. 20 
[0004] This code can be read using a magnetic head 
or an array of heads. This would typically be done by 
temporarily magnetising the magnetic material consti- 
tuting a thread and arranging for the documents to be 
carried by a transport mechanism so that they pass by 25 
the array of magnetic heads, the magnetic material of 
the thread being in close proximity to the heads. 
[0005] When the code has been read, it is possible to 
identify the document bearing the thread by comparing 
the code against a database of known codes. 30 
[0006] GB 2098768B discloses a coded magnetic 
thread reader in which a linear array of magnetic heads 
scans a security thread embedded in a document and 
stores samples of the signals produced by the magnetic 
heads tn storage devices which are sequentially 35 
scanned and compared against a fixed threshold in or- 
der to produce a binary bit stream corresponding to the 
variation of magnetisation along the thread. 
[0007] Whilst GB 2098768B discloses an apparatus 
which allows a thread presented at an acute angle to *o 
the array of magnetic heads to be read, the method used 
is extremely wasteful of processing time since the sig- 
nals produced by the heads are continuously sequen- 
tially scanned in order to produce the time varying output 
signal. 45 
[0008] EP 0493438 describes apparatus for reading 
the code held in the thread whereby the signal produced 
by the magnetic head is digitised by comparing it against 
two thresholds. The level of these two thresholds may 
be increased in accordance with the amplitude of the 50 
signal excursion so that the sensing of the crossing of 
a threshold is substantially immune to variations in sig- 
nal amplitude. 

[0009] US-A-588927 1 describes a security thread de- 
tector assembly for reading a security thread carried by 55 
a security document and coded such that each of a suc- 
cession of segments along the thread represents a dig- 
ital value. The particular digital value being represented 



by the particular characteristic of the respective seg- 
ment comprises a head having a multiplicity of parallel 
reading channels having a track pitch which is substan- 
tially less than the length of a segment and being dis- 
posed to read the document such that the thread is sub- 
stantially broadside to the channels, whereby all the 
segments are sensed substantially simultaneously and 
each segment is represented by a plurality of samples. 
[0010] US-A-5255729 describes a reader for coded 
discontinuous thread in a security document which com- 
prises a multiplicity of reading channels and processing 
circuits for forming a channel signal which exhibits sig- 
nal excursions in response to the passage of the ends 
of each length of magnetic material. 
[001 1] In accordance with a first aspect of the present 
invention, there is provided a method of detecting a 
magnetic thread comprising causing relative movement 
between the thread and an array of magnetic heads, 
each of which generates a signal upon detecting a por- 
tion of the thread; detecting the arrival of a thread at one 
of the heads and denoting that a primary head, and the 
head on each side a secondary head; thereafter moni- 
toring output signals from the primary and secondary 
heads to generate a representation of the thread, and 
comparing the magnitude of the signals from the primary 
and secondary heads such that if the magnitude of the 
output signal from a secondary head exceeds that from 
the primary head, the relevant secondary head is des- 
ignated the primary head and the two immediately ad- 
jacent magnetic heads designated secondary heads. 
[0012] Hence, the invention provides a method which 
allows a thread that is presented at an acute angle to 
the linear array of magnetic heads to be correctly read. 
By monitoring the output signals from only those heads 
within the array that are in close proximity to the thread, 
the method uses minimal processing time. 
[0013] Preferably, the magnetic thread is a coded 
magnetic thread. However, it is possible that the thread 
does not carry a code but is instead a continuous length 
of magnetic material. 

[0014] Normally, the code held by the coded magnetic 
thread is reconstructed by combining the outputs from 
all heads that were either binary or secondary using a 
logical OR operation. 

[001 5] Typically, the peak values of the outputs from 
the primary and secondary heads will be used to deter- 
mine if the output from a secondary head exceeds that 
from the primary head. However, an alternative method 
is to use the slew rate of the outputs from the primary 
and secondary heads to determine which is greater. 
[0016] The magnetic thread may be in or on a sheet 
document and, in this case, the sheet document is typ- 
ically a banknote. Alternatively, the method may be ap- 
plied to a magnetic thread before it has been incorpo- 
rated in a sheet document. If the array of magnetic 
heads is not linear then the signals generated by some 
of the magnetic heads may be time-shifted in order to 
align them with the signals generated by the remaining 
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magnetic heads. 
[001 7] If the sheet document is a banknote the meth- 
od may further comprise performing an analysis on the 
representation of the thread to determine the denomi- 
nation of the banknote. 5 
[0018] According to a second aspect of the present 
invention, there is provided an apparatus for detecting 
a magnetic thread comprising an array of magnetic 
heads each of which is connected to a respective proc- 
essor which processes signals generated by the asso- 10 
dated magnetic head; and a processing system con- 
nected to the processors, the processing system being 
adapted to carry out a method according to the first as- 
pect of the present invention. 

[0019] Normally, the apparatus further comprises a '5 
document transport system for moving a document rel- 
ative to the array of magnetic heads, the document 
transport system being stopped if the processing sys- 
tem cannot identify the document from the representa- 
tion of the thread. Alternatively, if the processing system 20 
cannot identify the document, the document may be di- 
verted to a different location from the default. 
[0020] The apparatus may also be constructed to per- 
form a "value balancing" operation in which a stack of 
mixed denomination banknotes is evaluated and option- 25 
ally sorted into different output stacks according to their 
denomination. 

[0021] Preferably, the array of magnetic heads com- 
prises at least one permanent magnet. However, it is 
also possible to use a separate permanent magnet to 30 
magnetise the magnetic material which constitutes the 
thread. 

[0022] The arrival of part of the magnetic thread may 
be determined by continuously polling the signals pro- 
duced by the processor associated with primary and 35 
secondary heads. Preferably, the processor generates 
an interrupt signal when the associated detector senses 
the arrival of part of the magnetic thread, the processing 
system maintaining an interrupt mask in accordance 
with the primary and secondary heads. *o 
[0023] The array of magnetic heads may be a linear 
array. Alternatively the magnetic heads may be ar- 
ranged so that they lie on any one of a plurality of parallel 
axes, each one offset from the others. In a typical ar- 
rangement, some of the magnetic heads lie on a first *5 
axis and the remainder lie on a second axis that is par- 
allel to the first axis. 

[0024] The array of magnetic heads may comprise ei- 
ther inductive or magnetoresistive magnetic heads or a 
combination of these. 50 
[0025] An example of a coded magnetic thread reader 
and methods according to the invention will now be de- 
scribed with reference to the accompanying drawings, 
in which:- 

55 

Figure 1 is a schematic representation of a coded 
magnetic thread reader according to the invention; 
Figure 2 shows two banknotes containing coded 
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magnetic threads being transported past a linear ar- 
ray of magnetic heads; one of the banknotes being 
skewed; 

Figure 3 shows a block diagram of a signal proces- 
sor for processing signals from an array of magnetic 
heads; 

Figure 4 shows the response generated by a mag- 
netic head when a magnetic element passes there- 
under and the corresponding signals produced by 
the signal processor; 

Figure 5 shows the response generated by the mag- 
netic head when an extended magnetic element 
passes thereunder; 

Figure 6 shows an example of a possible code held 
by a coded magnetic thread after reconstruction by 
a signal processor; 

Figure 7 shows a flow diagram of the software being 
executed by a microprocessor; 
Figure 8 shows an individual magnetic head incor- 
porating a permanent magnet; 
Figure 9 shows an alternative array of magnetic 
heads; 

Figure 10 is a block diagram of an alternative signal 
processor; 

Figure 11 illustrates an idealized waveform for dif- 
ferent sized magnetic features in a coded thread; 
Figures 12A and 12B illustrate a successful and a 
failed calibration trace; 

Figure 13 illustrates the effect of changing kernel 
size; 

Figure 14 illustrates different types of voltage 
peaks; 

Figure 15 illustrates different refined peaks; and, 
Figure 16 illustrates a code, signals corresponding 
to the code and resultant stored data. 

[0026] A schematic representation of a coded mag- 
netic thread reader suitable for reading the codes stored 
in a coded magnetic thread on a sheet document is 
shown in Figure 1 . 

[0027] The reader comprises a linear array 1 of twelve 
magnetic heads 2a to 21, each of which is connected to 
an individual signal processor 3a to 31. The analogue 
signals generated by the magnetic heads are converted 
into a digital form by the signal processors 3a to 31, which 
interface with a microprocessor system 4. 
[0028] Software executed by the microprocessor sys- 
tem 4 performs further processing on the digitised signal 
in order to align the code into a known format and com- 
pare it against a database of known codes. The software 
also captures the peak positive and negative excursions 
of the analogue signal using the analogue to digital con- 
verters of the microprocessor system 4 and calculates 
appropriate thresholds from these. These thresholds 
are set on the signal processors 3a to 31 using digital 
to analogue converters of the microprocessor system 4. 
[0029] Figure 2 shows the linear array 1 of magnetic 
heads 2a-2l and two sheet documents 5,6 being con- 
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veyed by a document transport system (not shown) 
such that they will pass by the array 1 of magnetic heads 
2a-2l. Each sheet 5,6 has a magnetic coded thread 7a, 
7b. As the sheets 5,6 approach the array 1 of magnetic 
heads 2a-2l, a permanent magnet, incorporated within 
the array 1 , temporarily magnetises th magnetic mate- 
rial that constitutes the threads 7a, 7b. 
[0030] The arrangement of one of the magnetic heads 
is shown in Figure 8. It comprises a core 60, which may 
be made from a ferrite, around the arms of which are 
wound two coils 61a, 61b. Permanent magnet 62 pro- 
vides a magnetic bias at the air gap of the core which 
causes the magnetic material to be temporarily magnet- 
ised. 

[0031] As the threads 7a, 7b pass by the magnetic 
heads 2a-2l, an electromotive force is generated as the 
flux produced by the magnetic material couples with the 
coils 61a, 61b of the magnetic heads 2a-2l. Hence, a sig- 
nal is generated at the terminals 63 of the magnetic 
heads according to the pattern of the magnetic material 
constituting threads 7a,7b. 

[0032] Sheet 5 is being conveyed by the document 
transport system such that the thread 7a is presented 
perpendicularly to the linear array 1 of magnetic heads 
2a-2l. It can be seen that the thread 7a will pass directly 
under magnetic head 2f and the code held by thread 7a 
can be reconstructed from the signal produced by mag- 
netic head 2f alone. 

[0033] However, sheet 6 is being conveyed such that 
thread 7b is skewed. Hence, although thread 7b will in- 
itially pass directly under magnetic head 2h, as it pro- 
ceeds it will pass under magnetic head 2g, magnetic 
head 2f and eventually magnetic head 2e. To recon- 
struct the code it is necessary to combine the signals 
generated by all four magnetic heads 2e,2f, 2g and 2h 
in an appropriate manner. 

[0034] This is one reason why an array of magnetic 
heads is required. Another reason is that the lateral dis- 
placement of the thread may be different for different 
documents. 

[0035] An alternative arrangement for the array 1 of 
magnetic heads is shown in Figure 9. In this arrange- 
ment the array 1 comprises thirteen magnetic heads 
100a to 100m. However, these magnetic heads 100a to 
100m are not configured in a linear fashion. Instead, 
they are configured on two parallel axes with magnetic 
heads 1 00a to 1 0Og being on the first axis and magnetic 
heads 100h to 100m being on the second axis. Clearly, 
it would be feasible to arrange the magnetic heads 1 00a 
to 100m so that they were lying on three or more axes. 
[0036] Before the signals developed by the magnetic 
heads 100a to 100m can be processed they must be 
time-shifted appropriately. Either the signals produced 
by the magnetic heads 100a to 100g lying on the first 
axis or the signals produced by the magnetic heads 
100h to 100m lying on the second axis or both must be 
time-shifted so that they are in alignment. This can be 
done using analogue or digital processing techniques 



involving using the predetermined distance between the 
first and second axes and the velocity of a sheet docu- 
ment passing under the array 1 to determine the amount 
by which the signals produced by the magnetic heads 

5 lying on one axis must be time-shifted so that they are 
aligned with the signals produced by the magnetic 
heads lying on the other axis. The velocity of this sheet 
document can either be measured directly or the veloc- 
ity of the document transport system can be determined. 

io [0037] The magnetic heads used in these examples 
are inductive heads but magnetoresistive heads could 
be used. 

[0038] The signal processors 3a-3l and software in- 
corporate features that enable detection of the thread 

*s irrespective of its lateral displacement and enable re- 
construction of the code from the signal generated by 
several magnetic heads in the case of a skewed thread. 
[0039] One channel of the signal processors 3a to 31 
will now be described with reference to Figure 3. In the 

20 following description, n refers to the relevant channel 
number and takes an integer value from 0 to 11. 
[0040] The analogue signal HEAD [n] , generated by 
the magnetic head forms the input to a paraphase am- 
plifier 10a, 10b. The inverted and non-inverted outputs 

25 of the paraphase amplifier 1 0a, 1 0b are connected to the 
inputs of a pair of comparators 11 a, 11 band to the inputs 
of a 2:1 multiplexer 17a,17b. 

[0041] Comparators 11a and 11b compare the output 
signals from the paraphase amplifier with separate var- 

30 iable thresholds. If the inverted output from the parap- 
hase amplifier 10a, 10b exceeds the threshold input of 
comparator 11a then the output of comparator 11a is 
driven low which subsequently drives the output of AND 
gate 12 low and, since this output is connected to the 

35 dear input of D-type latch 14, the Q output of D-type 
latch 14 is also driven low. Similarly, if input CLR[n] from 
the microprocessor system 4 is driven low then the Q 
output of D-type latch 14 will be driven low in response. 
[0042] If the non-inverted output of paraphase ampli- 

w fier 10a, 10b exceeds the threshold of comparator 11b 
then the output of comparator 11b is driven low. This 
output is inverted by inverter 13 and then connected to 
the clock input of D-type latch 14. Hence, since the D 
input of D-type latch 14 is permanently connected high, 

45 the Q output of D-type latch 14 will also be driven high. 
[0043] The value of the thresholds of comparator 1 1 a 
and 11b are determined by the microprocessor system 
4 via output DAC[n]. This output is presented to a unity 
gain buffer 15 before being connected to the threshold 

50 input of comparator 1 1 b. The output of unity gain buffer 
1 5 is also connected to potential divider 1 6 which reduc- 
es the threshold presented to comparator 1 1 a by a factor 
of two. 

[0044] Both comparators 11a and 11b incorporate a 
55 degree of hysteresis to improve noise immunity and to 
prevent false switching. 

[0045] The 2:1 multiplexer 17a, 17b connects either 
the inverted or non-inverted output of the paraphase 
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amplifier 10a, 10b to the integrating peak detector 19. 
The logic state of signal MUXfn] determines which of 
these two outputs is connected to th integrating peak 
detector 19. Inverter 18 inverts the logic state of signal 
MUX[n] so that either analogue switch 17a or analogue 5 
switch 17b is closed. 

[0046] Integrating peak detector 19 detects and 
stores the positive peak of the signal applied to it. This 
is presented to the microprocessor system 4 as signal 
PEAK[h]. The thtegratihg"peak detector 19 cart be' reset w 
by asserting signal RESET[n], 
[0047] A typical signal generated by one particular 
magnetic head similar to those described above, due to 
a 2mm magnetic element passing by, is shown in Figure 
4. As the magnetic element approaches the head a neg- J5 
ative peak 21 is generated. When the magnetic element 
is underneath the head, the direction of magnetic flux 
reverses and a positive peak 22 is generated. Finally, 
as the magnetic element moves away from the head, 
the flux reverses a second time and a second negative 20 
peak 23 is generated. This represents the signal HEAD 
[n] shown in Figure 4. 

[0048] The processing of this signal by one of the sig- 
nal processors 3a to 31 will now be described with refer- 
ence to Figure 4. When the power is initially turned on, 25 
the microprocessor system 4 asserts signals CLR[n] 
and RESET[n] in order that the signal processing stages 
3a to 31 are in a known state. The signal processors 3a 
to 31 then perform a background noise measurement us- 
ing the integrating peak detector 19. The output signals 30 
from this, PEAK[n], are presented to the analogue to dig- 
ital converters on the microprocessor system 4 and their 
values used to determine suitable thresholds for the 
comparators 11a and 11b. These are set by a digital to 
analogue converter which outputs a signal DAC[n] to the 3 $ 
signal processing stages 3a to 31. This signal is buffered 
by a unity gain inverter 15, the output of which deter- 
mines a positive threshold. This output is also potentially 
divided, for example by a factor of 2, using a potential 
divider 1 6 which sets a negative threshold. For example, *o 
the positive threshold may be set at four times the peak 
noise level, the negative threshold consequently being 
half this magnitude. These thresholds may then be 
adapted and can be modified for each magnetic element 
scanned by the head. For example, the running average *s 
of the positive peak generated by a magnetic element 
could be calculated and used to determine a suitable 
positive threshold. The value of the thresholds can be 
stored in a non-volatile memory so that they are not lost 
when the apparatus is switched off. so 
[0049] The signal MUX[n] is now driven high and the 
signal processors 3a to 31 await the arrival of a valid sig- 
nal generated by a magnetic element. As the magnetic 
element approaches a magnetic head, a negative going 
excursion is induced in signal HEAD[nJ. This negative 55 
going excursion is inverted at the inverted output of par- 
aphase amplifier 10a,10b and integrating peak detector 
19 stores the peak value of this excursion. As the mag- 



netic elemen* passes underneath the head, the direction 
of magnetic flux reverses and a positive going signal ex- 
cursion is induced. When the positive going excursion 
exceeds the value of the positive threshold, a clock 
pulse is supplied to the D-type latch 14 causing the Q 
output to be driven high. This generates an interrupt to 
the microprocessor system 4, the time of which is re- 
corded. As a result of this interrupt, the value of the neg- 
ative peak is recorded, the integrating peak detector 19 
" is reset and the signal MUX[ri] is driven low so that trie 
positive peak can be detected by the integrating peak 
detector 19. As the magnetic element moves away from 
the head, the direction of magnetic flux reverses a sec- 
ond time and a second negative going excursion is gen- 
erated. The thresholds are now adjusted so that the neg- 
ative threshold has a value derived from the immediately 
preceding negative peak. When the signal exceeds this 
threshold, the signal MUX[n] is driven high so that the 
integrating peak detector 19 is monitoring for the pres- 
ence of a negative going peak and the clear input of the 
D-type latch 14 is asserted so that the interrupt to the 
microprocessor system 4 is cleared. The time of this 
event is recorded and hence the duration of the interrupt 
pulse can be determined. The length of the magnetic 
element can be derived from this duration using a clock 
that is driven by the transport system. After the time of 
the event is recorded, the value of the positive peak is 
recorded, the integrating peak detector 19 is reset and 
the signal MUX[nJ driven high so that the next negative 
peak can be acquired. The value of the positive peak is 
used to determine when a skewed thread has passed 
from one magnetic head to an adjacent one as will be 
described subsequently. 

[0050] Since the thresholds may be adjusted, the sys- 
tem can tolerate a wide variation in flux density of the 
magnetic material. Such variation may be caused by dif- 
fering condition of the sheet documents bearing the 
threads, variance in the displacement between the mag- 
netic heads and the threads or changing the speed of 
the document transport system. 
[0051] A significant advantage of having separate 
positive and negative adaptive thresholds is that the 
system can correctly measure the length of longer mag- 
netic elements. Figure 5 shows a typical signal pro- 
duced when a 6mm length magnetic element passes by 
a magnetic head. The rate of change of the flux ap- 
proaches zero when a long element such as this is di- 
rectly beneath the head. Hence, the induced electromo- 
tive force also approaches zero. This can be seen as 
the dip 30 in Figure 4. It can be seen that since there 
are positive and negative thresholds, the interrupt com- 
mences at point 31 and ends at point 32 as required. 
However, if only a positive threshold were used, then 
two interrupts would be generated, the first commencing 
at point 31 and ending at point 33 and the second com- 
mencing at point 34 and ending at point 35. 
[0052] In this way, as the magnetic coded thread 
passes underneath the head, the magnetic elements 
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are reconstructed into a digital code. A possible exam- 
ple of such a code is shown in Figure 6. 
[0053] The software in the microprocessor system 4 
is responsible for providing the appropriate outputs to 
the signal processors 3a to 31 at the correct time and 5 
responding to their inputs such that the data read from 
the magnetic code can be reconstructed. To do this, the 
software is split into two major sections. These are six 
synchronously executed processes and three interrupt 
service routines. 10 
[0054] A software flow diagram is shown in Figure 7. 
The operation of the individual software processes and 
interrupt service routines will now be described with ref- 
erence to Figure 7. 

[0055] The microprocessor system 4 commences by *5 
executing process IDLE 50. This process is responsible 
for basic initialisation functions including checking 
whether any faults have been recorded by other soft- 
ware processes, reporting these faults if appropriate 
and checking whether any non-runtime communica- 20 
tions have occurred. Execution now proceeds to proc- 
ess RUN-UP 51 on request, as long as there are no cur- 
rent faults. 

[0056] Process RUN-UP 51 performs various other 
initialisation routines in order that background noise 25 
measurements can be performed to set the positive 
thresholds appropriately. Hence, all interrupts are disa- 
bled, the output MUX[n] is driven low so that the inte- 
grating peak detector 19 is recording positive peak val- 
ues. Finally, the storage arrays for the head data are 30 
initialised by setting pointers to their beginning and if no 
faults have been logged, execution proceeds to process 
CALIBRATION 52. 

[0057] This process is responsible for recording the 
peak background noise present on all heads. This is -35 
done by measuring the peak noise for 32 blocks of 1 
millisecond each and averaging the peak detected for 
each of these blocks. The digital thresholds are now set 
with respect to the measured noise and if no faults have 
been logged, execution proceeds to process SET-CAP- *o 
TURE 53. 

[0058] The next three processes, SET-CAPTURE 53, 
RUNNING 54 and CALCULATE-CODE 55, together 
form the main execution loop during which data from the 
magnetic heads 2a-2l is captured. Process SET-CAP- 45 
TURE 53 commences by asserting signal MUX[n] so 
that the integrating peak detector 19 is recording nega- 
tive peak values. The code storage array is initialised 
and interrupts are enabled. If no faults have been logged 
then execution proceeds to process RUNNING 54. so 
[0059] The remaining two processes RUNNING 54 
and CALCULATE-CODE 55 collate the data read from 
the signal processors 3a to 31, align it into a known for- 
mat and compare it with a database of known codes. It 
is important to realise that the data from the signal proc- 55 
essors 3a to 31 is actually captured by two interrupt serv- 
ice routines that are executed in response to interrupts 
generated by signal processors 3a to 31. A particular ad- 



vantage of using interrupts is that it is not necessary to 
scan the entire array 1 of magnetic heads 2a to 21 until 
a valid signal is detected. Hence, th microprocessor 
system 4 can perform other tasks wh n no valid signal 
is present. The interrupt service routines will be de- 
scribed subsequently. 

[0060] Process RUNNING 54 is responsible for con- 
structing a bit sequence from the data supplied by the 
interrupt service routines and for reconstructing the 
code if the thread is skewed. This process also monitors 
the bit sequence for the presence of a marker section 
and when sufficient bits have been captured and no er- 
rors have been logged execution proceeds to process 
CALCULATE-CODE 55. An example of a marker sec- 
tion of a possible code is shown in Figure 6, the marker 
section in this case being a reversal pattern 1010. 
[0061] If the thread is skewed, the code is reconstruct- 
ed as follows: 

a) Before the thread is in close proximity to the array 
1 of magnetic heads 2a to 21, all interrupts are en- 
abled. 

b) When the thread induces a signal in one of the 
magnetic heads 2a to 21, the corresponding signal 
processor causes an interrupt. 

c) This magnetic head is designated the primary 
head and the two immediately adjacent heads des- 
ignated secondary heads. The interrupt mask is 
modified so that only interrupts from these three 
heads are enabled. 

d) The positive peak values of the induced signals 
are used to determine when the thread has moved 
from the primary head to a secondary head. For ex- 
ample, as the thread traverses the array 1 of mag- 
netic heads 2a to 21, it will begin to induce signals 
in both the primary and one of the secondary heads. 
Eventually, the signal induced in the secondary 
head will exceed that induced in the primary head. 

e) At this point, the relevant secondary head is des- 
ignated the primary head and the two immediately 
adjacent magnetic heads designated secondary 
heads. The process continues in this manner. 

[0062] Hence, the software can reconstruct the code 
simply by logically ORing the data captured by all heads 
that were primary or secondary as the thread passed 
the array 1 of magnetic heads 2a to 21. An advantage of 
this is that it is only necessary to store pertinent infor- 
mation; the signals generated by magnetic heads that 
were not primary or secondary can be ignored and dis- 
carded. 

[0063] Process CALCULATE-CODE 55 begins by 
finding the start and end of the captured code. It works 
from the centre of the captured code outwards since this 
is less likely to be corrupted by other magnetic features 
that may be present and tears in the edge of the sheet. 
When the start and end of the code have been located, 
the process searches for a repetition of this code which 
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is used as a confidence check that the code is correct. 
The code is then aligned to a known format and com- 
pared against a database of known codes to find the 
best match. If a match is found then a flag is set to indi- 
cate this fact to the relevant software process. Execution 5 
then returns to process SET-CAPTURE 53 so that the 
next code can be captured. 

[0064] The code is aligned by storing it in a circular 
buffer and rotating it until the marker section is in a 
known position. This has the advantage that only one io 
comparison is necessary against each database entry 
whereas a sliding correlation technique requires rotating 
a m-bit code through each of its m permutations and 
comparing each permutation against each database en- 
try. 15 
[0065] The aligned code is compared with the data- 
base entries by logically exclusively ORing it with each 
entry. The number of bits set in the aligned code is di- 
vided by the result of this exclusive OR operation. The 
smallest value indicates the best match. 20 
[0066] Further to this comparison, several scoring 
techniques can be used to determine the likelihood of 
the captured code being in error. This can be done by 
searching for certain features of the code, for example: 

25 

1 .Confirm that the most and least significant bits are 
set. 

2. Confirm that the number of bit changes and 
number of bits set are within allowable limits. 

3. Confirm that the marker section is present and in 30 
the correct location. 

4. Confirm that the code is asymmetric. 

[0067] Finally, if the code has been corrupted and it is 
not possible to use the above alignment and comparison 35 
techniques, then the software will attempt to match the 
captured data using a sliding correlation technique. The 
scoring methods are still used. 
[0068] There are two interrupt service routines re- 
sponsible for recording the code held by the magnetic *o 
thread. The first of these, INTERRUPT LEADING EDGE 
SERVICE ROUTINE 56, responds to the leading edge 
of the interrupt generated by the D-type latch 1 4 of signal 
processors 3a to 31 whilst the second, INTERRUPT 
TRAILING EDGE SERVICE ROUTINE 57, responds to 45 
the trailing edge. 

[0069] When the leading edge of an interrupt is de- 
tected, INTERRUPT LEADING EDGE SERVICE ROU- 
TINE 56 is executed. This routine records the value of 
the negative peak and this value is used to set the neg- so 
ative threshold for the subsequent negative peak. The 
event is also time stamped and converted into displace- 
ment of the transport system using a clock that is syn- 
chronous with the transport system drive mechanism. 
The peak detector 19 is then reset and signal MUX[n] 55 
negated so that the multiplexer 17a, 17b presents posi- 
tive signals to the integrating peak detector 19. 
[0070] When the trailing edge of an interrupt is detect- 



12 

ed, INTERRUPT TRAILING EDGE SERVICE ROU- 
TINE 57 is executed. This routine records the positive 
peak value from the integrating peak detector 19. This 
value is used to track the thread if it is skewed and 
moves from one magnetic head to another. The event 
is time stamped in a similar manner to the leading edge 
so that the length of the magnetic element can be de- 
termined. The peak value stored in the integrating peak 
detector 1 9 is cleared and the multiplexer 1 7a, 1 7b is set 
to look for negative peaks. The pointer to the storage 
array is advanced to the next bit. 
[0071] A third interrupt service routine, ADC AUTO- 
SCAN SERVICE ROUTINE 58, is responsible for per- 
forming regular conversions of the twelve signals PEAK 
[n] from the signal processors 3a-3l using the analogue 
to digital converters of the microprocessor system 4. 
These conversions are triggered automatically by a tim- 
er interrupt. This is done to reduce the processor over- 
head. The converted values are only permanently 
stored if required such as on detection of the leading or 
trailing edge of an interrupt. 

[0072] Once the captured code has been successfully 
compared with a database entry, it may be possible to 
determine certain information about the sheet docu- 
ment. For example, if the sheet document is a banknote, 
it may be possible to determine its denomination. On the 
basis of this it would be possible to send the note to a 
desired destination for example to split a stack of notes 
into two denominations. Alternatively, it would be possi- 
ble to stop the document transport if the thread's code 
is unreadable or say a rogue denomination note is dis- 
covered in a stack of notes of a single denomination. 
[0073] If the code is asymmetric, it is possible to de- 
tect the orientation of the sheet. If it is possible to detect 
the location of a feature of the sheet that is offset from 
its centre then it is possible to detect which face of the 
sheet is uppermost. For example, using an optical de- 
tector it is possible to determine the lateral position of 
the thread and this can be used to determine which face 
of the sheet is uppermost. Alternatively, the position of 
a known magnetic feature relative to the thread may be 
determined and this can be used to determine which 
face of the sheet is uppermost. 
[0074] Figure 10 illustrates a modified apparatus. In 
this case, the heads 2a-2l are connected to an analogue 
to digital converter (ADC) 200 which is connected to a 
digital signal processor (DSP) 205. The purpose of the 
DSP 205 is to process the digitised data and generate 
a series of digital waveforms representing the code 
stored within the magnetic feature. These waveforms 
are presented to the microprocessor 4 where pattern 
matching algorithms are applied to determine the au- 
thenticity and denomination of the note. The key advan- 
tages of this approach are; 

• Design flexibility - DSP and microprocessor algo- 
rithms can be modified and refined without affecting 
other system components. 
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Shared processor load - by putting the data reduc- 
tion tasks into the DSP to generate a relatively sim- 
ple digital waveform means that the microprocessor 
has spare capacity for mor sophisticated pattern 
matching algorithms which will improve machine 5 
performance. 

• Devices easy to interface - ADC, DSP and micro- 
processor support relatively simple communication 
protocols to enable data exchange. 

K 

[0075] In operation, under instruction from the DSP 
205, for each head, the ADC 200 samples the analogue 
signal every 0.25mm, generates a digital representation 
and transmits this to the DSP. Whilst the ADC 200 is 
busy converting the current sample, the DSP 205 is '5 
processing the previous sample obtained from an adja- 
cent channel in a pipeline structure. This process re- 
peats until all the note data has been acquired, thus 
processing is performed in real-time. 
[0076] Sampling for a pair of channels is governed by 20 
a free running timer at a fixed period of 9.4u.s. In order 
to ensure that each scan corresponds to a pitch of 
0.25mm, the system requires a measurement of the lin- 
ear note speed. This is provided by a timing wheel con- 
sisting of a sfotted-opto sensor (not shown) in a conven- 25 
tional manner. This provides a pulse corresponding to 
4.42 mm linear travel. By measuring the number of timer 
pulses that have occurred within a timing wheel slot, the 
system can determine a sampling delay that is intro- 
duced to ensure the required sampling pitch. 30 
[0077] Note sampling and processing is enabled un- 
der instruction of the microprocessor 4 and a track sen- 
sor (not shown). The track sensor is a reflective optical 
sensor that provides an indication of the presence of a 
note under the detector. Once the microprocessor 4 has 35 
instructed the DSP 205 to process notes, the system will 
wait until the track sensor indicates a note has arrived 
then processing will begin. 

[0078] The DSP 205 performs three main processing 
tasks; 40 

Thresholding and initial peak detection. 
Application of a priori knowledge of the desired sig- 
nals to the pre-processed data. 
Generation of digital waveform for microprocessor. 45 

Thresholding and Initial Peak Detection 

[0079] The algorithm used to generate a digital wave- 
form for the microprocessor 4 comprises peak detection so 
and a priori signal conditioning. Peak detection is used 
since the signals generated from the inductive magnetic 
heads are based on rate of change of magnetic material 
past the head. Therefore transitions occur at boundaries 
between magnetic and non-magnetic features. Exam- 55 
pie idealised waveforms for various sized magnetic fea- 
tures are shown in Figure 11. 

[0080] From Figure 11, it can be seen that peak de- 



tection could be used to determine the extent of the 
magnetic regions along a single plane. The problem with 
using a peak detector is that lik any rate of change de- 
tector, it is susceptible to signal noise. In practice, noise 
will be present on the input signals and therefore mech- 
anisms are required to reduce the effect of these arti- 
facts. Two schemes may be used to provide a level of 
noise resistance; calibrated thresholds and larger peak 
detection window. 

Calibration 

[0081] Calibration is required so that the system can 
generate a suitable threshold for each channel. These 
thresholds will be used to stop processing of low ampli- 
tude signals which although they may satisfy the peak 
detector, are due to system noise rather than valid mag- 
netic material passing across the head. The calibration 
scheme is as follows. 

[0082] At machine run up to process a bundle of 
notes, once the transport motors are up to speed, the 
microprocessor 4 will instruct the DSP 205 to go into 
calibration mode. At this stage, the DSP 205 takes 32 
samples and generates an average absolute level. A 
threshold being a constant multiple of the average level 
is created and stored. Finally, to check to see if any of 
the channels are particularly noisy or have a relatively 
wide spread of non-note signal levels, the DSP 205 ex- 
amines the 32 samples to see if any exceed the calcu- 
lated threshold. If so, calibration is reported as having 
failed otherwise calibration is a success and note 
processing can continue. The process is repeated for 
the remaining channels. If calibration has failed, the 
DSP 205 will report to the microprocessor 4 as being 
not ready and requires intervention. 
[0083] The calibration process is performed on every 
bundle. 

[0084] An illustration of two calibration examples is 
shown in Figures 12A and 12B. 

Peak Detection Kernel 

[0085] The second scheme to provide a level of noise 
resistance is in the choice of peak detection kernel ap- 
plied to the data. Rather than a rate of change kernel 
that looks at the differences between direct neighbour- 
ing values (size 3), the approach taken in this design is 
to look at the next nearest neighbour (size 5). A simple 
example that illustrates the benefit of a size 5 over a size 
3 in terms of number of peaks detected is shown in Fig- 
ure 13. 

[0086] A signal whose amplitude varies in a similar 
manner to the example above e.g. noise will produce a 
large number of peaks with a size 3 kernel whereas a 
substantially reduced number will be produced by the 
size 5 kernel. Since the peak transitions due to magnet- 
ic/non-magnetic boundaries take place over more than 
three samples, the size 5 kernel is sufficiently small 
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enough to track thes transitions whilst providing a level 
of noise immunity. 

[0087] To construct a digital waveform suitable for 
processing by the microprocessor 4, the system applies 
the size 5 peak detector to data in real-time as it is ac- 
quired and adds valid peaks (i.e. a local minimum or 
maximum that is greater than the threshold band) to a 
list that contains information about peaks that have been 
found on a given channel. The data that is stored is the 
position along the note parallel to the short edge where 
the peak was detected, the type of peak detected (i.e. 
a positive or negative peak) and the location in DSP 205 
memory where the raw analogue data from the ADC 200 
for that peak is stored. The advantage of this is that the 
amount of data that has to subsequently be searched 
and processed is greatly reduced. This allows additional 
flexibility for more sophisticated algorithms since the 
volume of data has been reduced. 
[0088] At this stage, the DSP 205 has produced (for 
all 12 channels) a set of events that contain all peaks 
that satisfy the thresholding criterion. The next process 
is to examine these peaks and determine which of those 
are valid and indicate true magnetic transition events 
and which are due to signal artifacts. 

Application of a priori knowledge of the desired 
signals to the pre-processed data 

[0089] Each of these voltage peaks is individually 
checked against more stringent criteria. These criteria 
encapsulate the key characteristics of valid magnetic 
transitions, including checks on the absolute levels of 
the induced voltages and checks on the signature of the 
voltage peak. Any voltage peak that fails the criteria 
check is disregarded. Figure 14 illustrates this showing 
that each of the peaks that pass the initial assembly level 
routine check is classified as either valid or invalid. 
[0090] This resultant subset of the initial voltage 
peaks is processed to further remove any erroneous sig- 
nals. This is done in part by assessing the relative loca- 
tions, magnitudes and shapes of each peak with those 
of any other peaks in close spatial proximity to it. This 
ensures that peaks that occur because of an increase 
in magnetic flux in the detector are matched with those 
peaks that correspond to a decrease in magnetic flux in 
the detector. Because of the complex note dynamics 
that occur as a note passes a detector, situations can 
arise in which there is ambiguity as to how the peaks 
should be joined together. For example, two voltage 
maxima may occur with no voltage minima between 
them. In this case, depending on the parameters asso- 
ciated with these peaks and any other peaks that are in 
close spatial proximity, either the first peak, the second 
peak or both peaks may be disregarded, or the likely 
position of the undetected minima is calculated. These 
decisions are made based on criteria ascertained from 
empirical and theoretical studies of the detected signals 
of valid notes fed through the machines. This processing 



stag produces a refin d set of peaks for each channel 
where a high proportion of erroneous peaks are likely to 
have been filtered out. This process is illustrated in Fig- 
ure 1 5. The relative locations, magnitudes and signs of 

5 the peaks are shown schematically by the V symbols. 
One peak has been rejected because a falling edge 
peak should have been preceded by a corresponding 
rising edge peak within a given distance (where the dis- 
tance corresponds to the length including a tolerance of 

10 the longest magnetic region expected). The other peak 
has been rejected based on the peak properties be- 
cause there are two rising edge peaks with only one fall- 
ing edge peak. 

[0091] This refined set of peaks is checked to make 
15 sure that a long magnetic region has not appeared to 
be made up of two shorter magnetic transitions. Again, 
this is done by evaluating the relative properties of a giv- 
en group of peaks with those determined from empirical 
studies of the notes. 

20 

Generation of digital waveform 

[0092] The data required by the microprocessor 4 is 
a digital bit stream stored in DSP memory for each chan- 

25 nel. This stream is broken into chunks that can be stored 
in individual memory locations with 1 bit corresponding 
to a 0.25mm sample. Therefore, for 16 bit storage, each 
location would correspond to 4mm of note. As validated 
transition events are confirmed, the bit stream is con- 

30 structed for each channel. Once an individual location 
has had all bits written to, the DSP moves on to the next 
location. An example is shown in Figure 16. 



35 Claims 

/TP) A method of detecting a magnetic thread compris- 
ing causing relative movement between the thread 
and an array of magnetic heads (2a-2l), each of 

40 which generates a signal upon detecting a portion 
of the thread; detecting the arrival of a thread at one 
of the heads and denoting that a primary head, and 
the head on each side a secondary head; thereafter 
monitoring output signals from the primary and sec- 

45 ondary heads to generate a representation of the 
thread, and comparing the magnitude of the signals 
from the primary and secondary heads such that if 
the magnitude of the output signal from a secondary 
head exceeds that from the primary head, the rele- 

50 vant secondary head is designated the primary 
head and the two immediately adjacent magnetic 
heads designated secondary heads. 

2. A method according to claim 1, wherein the mag- 
55 netic thread is a coded magnetic thread. 

3. A method according to claim 2, wherein the code 
held by the coded magnetic thread is reconstructed 
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by combining the outputs from all heads that were 
either primary or secondary using a logical OR op- 
eration. 

4. A method according to any of th preceding claims, 
wherein the peak values of the outputs from the pri- 
mary and secondary heads are used to determine 
if the output from a secondary head exceeds that 
from the primary head. 

5. A method according to any of the preceding claims, 
wherein the magnetic thread is on a sheet docu- 
ment. 

6. A method according to claim 5, wherein the sheet 
document is a security document such as a bank 
note. 

7. A method according to claim 6, further comprising 
determining the denomination of the bank note from 
the representation of the thread. 

8. A method according to any of the preceding claims, 
wherein the signals generated by some of the mag- 
netic heads are time-shifted in order to align them 
with the signals generated by the remaining mag- 
netic heads. 

Apparatus for detecting a magnetic thread compris- 
ing an array of magnetic heads (2a-2l) each of 
which is connected to a respective processor (3a- 
31) which processes signals generated by the asso- 
ciated magnetic head upon detecting a portion of a 
thread; and a processing system (4) connected to 
the processors, the processing system including 
means for detecting the arrival of a thread at one of 
the heads and denoting that a primary head, and 
the head on each side a secondary head, and for 
thereafter monitoring output signals from the prima- 
ry and secondary heads to generate a representa- 
tion of the thread, and comparing the magnitude of 
the signals from the primary and secondary heads 
such that if the magnitude of the output signal from 
a secondary head exceeds that from the primary 
head, the relevant secondary head is designated 
the primary head and the two immediately adjacent 
magnetic heads designated secondary heads. 

10. Apparatus according to claim 9, wherein the appa- 
ratus further comprises a document transport sys- 
tem for moving a document relative to the array of 
magnetic heads, the document transport system 
being stopped if the processing system cannot 
identify the document from the representation of the 
thread. 

11. Apparatus according to claim 9 or claim 10. wherein 
the array of magnetic heads (2a-2l) comprises at 



least one permanent magnet. 

1 2. Apparatus according to any of claims 9 to 1 1 , where- 
in the processor (3a-3l) generates an interrupt sig- 
nal when the associated detector senses the arrival 
of part of the magnetic thread, the processing sys- 
tem (4) maintaining an interrupt mask in accord- 
ance with the primary and secondary heads. 

13. Apparatus according to any of claims 9 to 12, 
wherein the array of magnetic heads (2a-2l) is a lin- 
ear array. 

14. Apparatus according to any of claims 9 to 12, 
wherein the magnetic heads (2a-2l) are arranged 
such that some lie on a first axis and the remainder 
lie on a second axis that is parallel to the first axis. 

15. Apparatus according to any of claims 9 to 14, 
wherein the array of magnetic heads (2a-2l) com- 
prises inductive magnetic heads. 

16. Apparatus according to any of claims 9 to 14, 
wherein the array of magnetic heads (2a-2l) com- 
prises magnetoresistive magnetic heads. 

Patentanspruche 

1 . Verfahren zum Detektieren eines magnetischen Fa- 
dens, wobei eine Relativbewegung zwischen dem 
Faden und einer Reihe von Magnetkdpfen (2a-2l) 
bewirkt wird, von denen jeder ein Signal bei Oetek- 
tierung eines Teils des Fadens erzeugt; das Eintref- 
fen eines Fadens bei einem der Magnetkdpfe de- 
tektiert und dieser als primarer Magnetkopf und der 
Magnetkopf auf jeder Seite als sekundarer Magnet- 
kopf gekennzeichnet wird; danach Ausgangssigna- 
le des primaren und der sekundaren Magnetkdpfe 
uberwacht werden, urn eine Darstellung des Fa- 
dens zu erzeugen, und die Grdlie der Ausgangssi- 
gnale des primaren und der sekundaren Magnet- 
kdpfe verglichen wird, so daft, wenn die Grdlie des 
Ausgangssignals eines sekundaren Magnetkopfes 
die des Ausgangssignals des primaren Magnetkop- 
fes uberschreitet, der betreffende sekundare Ma- 
gnetkopf als primarer Magnetkopf und die beiden 
unmittelbar benachbarten Magnetkdpfe als sekun- 
dare Magnetkdpfe gekennzeichnet werden. 
so 

2. Verfahren nach Anspruch 1, bei dem der magneti- 
sche Faden ein codierter magnetischer Faden ist. 

3. verfahren nach Anspruch 2, bei dem der Code des 
55 codierten magnetischen Fadens durch Kombinati- 

on der Ausgangssignale aller Magnetkdpfe, die ent- 
weder primare oder sekundare Magnetkdpfe wa- 
ren, durch eine logische ODER-Verknupfung rekon- 
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stmiert wird. 

4. Verfahren nach einem der vorstehenden Anspru- 
che, bei dem die Spitzenwerte der Ausgangssigna- 
le des primaren und der sekundaren Magnetkopfe 
zur Bestimmung benutzt werden, ob das Ausgangs- 
signal eines sekundaren Magnetkopfes das des pri- 
maren Magnetkopfes uberschreitet. 

5. Verfahren nach einem der vorstehenden Anspru- 
che, bei dem sich der magnetische Faden auf ei- 
nem blattartigen Dokument befindet. 

6. Verfahren nach Anspruch 5, bei dem das blattartige 
Dokument ein Sicherheitsdokument, z.B. eine 
Banknote, ist. 

7. Verfahren nach Anspruch 6, bei dem ferner der 
Nennwert der Banknote anhand der Darstellung 
des Fadens bestimmt wird. 

8. Verfahren nach einem der vorstehenden Anspru- 
che, bei dem die von einigen der Magnetkopfe er- 
zeugten Signale zeitlich verschoben werden, urn 
sie mtt den von den ubrigen Magnetkopfen erzeug- 
ten Signalen auszurichten. 

9. Gerat zum Detektieren eines magnetischen Fa- 
dens, mit einer Reihe von Magnetkopfen (2a-2l), die 
jeweils mit einem Prozessor (3a-3l) verbunden 
sind, der die durch den zugehdrigen Magnetkopf 
bei Detektierung eines Teils eines Fadens erzeug- 
ten Signale verarbeitet; und einem Verarbeitungs- 
system (4), das mit den Prozessoren verbunden ist 
und Mittel zum Detektieren des Eintreffens eines 
Fadens bei einem der Magnetkopfe und zum Kenn- 
zeichnen dieses Magnetkopfes als einen primaren 
Magnetkopf und des Magnetkopfes auf jeder Seite 
als sekundaren Magnetkopf und zur anschliefien- 
den Uberwachung von Ausgangssignaien des pri- 
maren und der sekundaren Magnetkopfe zur Erzeu- 
gung einer Darstellung des Fadens und zum Ver- 
gleichen der Grofte der Ausgangssignale des pri- 
maren Magnetkopfes und der sekundaren Magnet- 
kopfe aufweist, so daft, wenn die Grofie des Aus- 
gangssignals eines sekundaren Magnetkopfes die 
des Ausgangssignals des primaren Magnetkopfes 
uberschreitet, der relevante sekundare Magnetkopf 
als primarer Magnetkopf gekennzeichnet wird und 
die beiden unmittelbar benachbarten Magnetkopfe 
als sekundare Magnetkopfe gekennzeichnet wer- 
den. 

10. Gerat nach Anspruch 9, das ein Dokumententrans- 
portsystem zum Bewegen eines Dokuments relativ 
zu der Reihe der Magnetkopfe aufweist und ange- 
halten wird, wenn das Verarbeitungssystem das 
Dokument nicht anhand der Darstellung des Fa- 



dens identifizieren kann. 

1 1 . Gerat nach Anspruch 9 oder Anspruch 10, bei dem 
die Reihe der Magnetkopfe (2a-2l) wenigstens ei- 

5 nen Dauermagneten aufweist. 

12. Gerat nach einem der Anspruche 9 bis 11, bei dem 
der Prozessor <3a-3l) ein Unterbrechungssignal er- 
zeugt, wenn der zugehdrige Detektor die Ankunft 

1 ° eines Teils des" magnetischen Fadens feststellt, wo- 
bei das Verarbeitungssystem (4) eine Unterbre- 
chungsmaske in Ubereinstimmung mit dem prima- 
ren Magnetkopf und den sekundaren Magnetkop- 
fen beibehait. 

15 

13. Gerat nach einem der Anspruche 9 bis 12, bei dem 
die Reihe aus Magnetkopfen (2a-2l) eine geradlini- 
ge Reihe ist. 

20 14. Gerat nach einem der Anspruche 9 bis 12, bei dem 
die Magnetkopfe (2a-2l) so angeordnet sind, dali 
die einen auf einer ersten Achse und die ubrigen 
auf einer zweiten Achse liegen, die parallel zur er- 
sten Achse ist. 

25 

1 5. Gerat nach einem der Anspruche 9 bis 14, bei dem 
die Reihe aus Magnetkopfen (2a-2l) induktive Ma- 
gnetkopfe aufweist. 

30 16. Gerat nach einem der Anspruche 9 bis 14, bei dem 
die Reihe aus Magnetkopfen (2a-2l) magnetoresi- 
stive Magnetkopfe aufweist. 



35 Revendications 

1. Procede de detection d'un fil magnetique compre- 
nant le fait de gene>er un deplacement relatif entre 
le fil et un reseau de tetes magnetiques (2a-2l) dont 

40 chacune genere un signal suite a la detection d'une 
partie du fil ; la detection de I'arrivee d'un ftl au ni- 
veau de Tune des tetes et le fait de la designer en 
tant que tete primaire et de designer les tetes sur 
chaque cdte en tant tetes secondares ; et ensuite 

45 la surveillance de signaux de sortie en provenance 
des tetes primaire et secondaires pourgenererune 
representation du fil et la comparison de la gran- 
deur des signaux en provenance des tetes primaire 
et secondaires de telle sorte que si la grandeur de 

so signal de sortie en provenance d'une tete secondai- 
re excede celle en provenance de la t§te primaire, 
la tete secondaire pertinente soit designee en tant 
que tete primaire et que les deux tetes magnetiques 
immediatement adjacentes soient designees en 

55 tant que tetes secondaires. 

2. Procede selon la revendication 1, dans lequel le fil 
magnetique est un fil magnetique code. 
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3. Procede selon la revendication 2. dans lequel te co- 
de contenu par I fit magnetique cod 6 est recons- 
truit en combinant les sorties en provenance de tou- 
tes les tetes qui etaient soit primair , soit secondai- 
res en utilisant une operation OU logique. 5 

4. Procede selon Tune quelconque des revendications 
precedentes, dans lequel les valeurs de crdte des 
sorties en provenance des tetes primaire et secon- 
dares sont utilisees pour determiner si la sortie en w 
provenance d'une tete secondaire excede celle en 
provenance de la tete primaire. 

5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel le fil magnetique est sur *5 
un document sous forme de feuille. 



port au reseau de tetes magnetiques, le systeme 
de transport de document etant arrete si le systeme 
de traitement ne peut pas identifier le document a 
partir de la r presentation du fil. 

1 1 . Appareil selon la revendication 9 ou 1 0, dans lequel 
le reseau de tetes magnetiques (2a-2l) comprend 
au moins un aimant permanent. 

1 2. Appareil selon I'une quelconque des revendications 
9 a 11, dans lequel le processeur (3a-3l) genere un 
signal d'interruption torsque le detecteur associe 
detecte I'arrivee d'une partie du fil magnetique, le 
systeme de traitement (4) maintenant un masque 
d'interruption conformement aux tetes primaire et 
secondaires. 



Proced6 selon la revendication 5, dans lequel le do- 1 3. Appareil selon Tune quelconque des revendications 
cument sous forme de feuille est un document de 9 a 12, dans lequel le reseau de tetes magnetiques 

securite tel qu'un billet de banque. 20 (2a-2l) est un reseau lineaire. 



7. Procede selon la revendication 6, comprenant en 
outre la determination de la denomination du billet 
de banque a partir de la representation du fil. 

8. Procede selon I'une quelconque des revendications 
precedentes, dans lequel les signaux qui sont ge- 
ne res par certaines des tetes magnetiques sont de- 
cales temporellement afin de les aligner avec les 
signaux qui sont generes par les tetes magnetiques 
restantes. 

9. Appareil pour detecter un fil magnetique compre- 
nant un reseau de tetes magnetiques (2a-2l) dont 
chacune est connectee a un processeur respectif 
(3a-3l) qui traite des signaux qui sont generes par 
la tete magnetique associee suite a une detection 
d'une partie d'un fil ; et un systeme de traitement (4) 
qui est connecte aux processeurs, le systeme de 
traitement incluant un moyen pour detecter I'arrivee 
d'un fil au niveau de I'une des tetes et pour la desi- 
gner en tant que tete primaire et pour designer les 
tetes sur chaque cote en tant que tetes secondaires 
et pour ensuite surveiller des signaux de sortie en 
provenance des tetes primaire et secondaires afin 
de generer une representation du fil et pour com- 
parer la grandeur des signaux en provenance des 
tetes primaire et secondaires de telle sorte que si 
la grandeur du signal de sortie en provenance d'une 
tete secondaire excede celle en provenance de la 
tete primaire, la tete secondaire pertinente soit de- 
signee en tant que tete primaire et les deux tetes 
magnetiques immediatement adjacentes soient de- 
signees en tant que tetes secondaires. 

10. Appareil selon la revendication 9, dans lequel I'ap- 
pareil comprend en outre un systeme de transport 
de document pour deplacer un document par rap- 



14. Appareil selon I'une quelconque des revendications 
9 a 12. dans lequel les tetes magnetiques (2a-2l) 
sont agencees de telle sorte que certaines s'eten- 
dent sur un premier axe et que les t&tes restantes 
s'etendent sur un second axe qui est parallele au 
premier axe. 

15. Appareil selon I'une quelconque des revendications 
9 a 14, dans lequel le reseau de t£tes magnetiques 
(2a-2l) comprend des t§tes magnetiques inducti- 
ves. 

1 6. Appareil selon Tune quelconque des revendications 
9 a 14, dans lequel le reseau de tStes magnetiques 
(2a-2l) comprend des tetes magnetiques magneto- 
resistives. 
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Fig.7. 
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Fig.9. 
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Fig.14. 
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